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COMPLETE SPECIFICATION 
The Control of Bacteriological Sterilisation- 



We, Boots Pure Drug Company Limited, 
a British Company, of Station Street, Notting- 
ham, do hereby declare the invention, for 
which we pray that a patent may be granted 
5 to U5, and the method by which it is to be 
performed, to be particularly described in and 
by the following statement: — 

This invention relates to a new device for 
the control of fumigation and bacteriological 
*0 sterilisation. 

There are various methods available for 
effecting the bacteriological sterilisation of 
pharmaceutical products, for foodstuffs and the 
like, the most frequently applied method being 
15 the heat treatment of the material in an auto- 
clave ^ or its equivalent. There arc some 
materials^ however, which are not conveniently 
sterilised by this means due to some inherent 
lability in the molecule or to some interaction 
10 between the compounds of a composition and 
other methods have been devised whereby 
sterilisation may be carried out at a much 
lower temperature to avoid thermal decom- 
position. Such materials may be sterilised by 

25 subjecting them to the action of gaseous atmo- 
spheres compatible with the materials them- 
selves but lethal to the contaminating organ- 
isms. In addition to these comparatively small 
scale ^ processes for the killing of micro- 

30 organisms it is frequently desirable to ensure 
that the contents of warehouses, holds of ships 
and similar large stores of material shall be 
free of insect life whether in the form of eggs, 
larvae or the adult insect. The most widely 

35 used method of treating such large stores is by 
fumigation with gases compatible with the 
treated material but toxic to insect life. 

Among the gases and vapours valuable for 
insecticidal fumigation and bacteriological 

40 sterilisation are included formaldehyde, alkylene 
oxides particularly ethylene oxide, methyl 
bromide, sulphur dioxide and hydrogen 
cyanide. Formaldehyde is frequently used in 
the fumigation of infested premises and is 

45 conveniently sprayed as a 4a%« aqueous solu- 



tion throughout the infested area which is then 
sealed for the requisite period of time. For 
fumigation of warehouses, holds of ships and 
other large stores of material the most gener- 
ally used gases are ethylene oxide and methyl 50 
bromide. Ethylene oxide is used at a concen- 
tration of approximately 10 mg./litre at normal 
temperatures and exposure for 25 houn at this 
gas concentration is normally adequate for 
insecticidal treatment. Methyl bromide is 55 
widely used in the fumigation of stored vege- 
table products including fruits, grain, seed 
and fibrous material for which exposure to a 
gas concentration of 8 mg./litre for 25 hours 
is generally preferred For quarantine purposes, 60 
a more drasuc fumigation may be necessary 
and exposure to a methyl bromide concentra- 
tion of 40 mg./litre for 25 hours is advisable. 

Micro-organisms are generally more resist- 
ant to exposure to such toxic gases than insects 65 
and accordingly higher concentrations of lethal 
gases are employed for the purposes of 
bacteriological sterilisation. Ethylene oxide is 
widely used for bacteriological steriUsation and 
the preferred exposure is for 20 hours to an 70 
atmospheric concentration of 200 mg./litre 
compared with an insecticidal concentration of 
10 mg./litre exposed for 25 hours. 

Such gaseous treatments for both fumigation 
and sterilisation must exceed a certain mini- 75 
mum to ensure that the contaminating organ- 
isms are killed. The present methods available 
for the control of gaseous sterilisation and 
fumigation are time consuming, costly and must 
be carried out by trained personnel with 80 
laboratory facilities. For example, it is custom- 
ary to include with material undergoing 
bacteriological sterilisation certain test com- 
positions containing bacterial spores which are 
subsequently removed. These test organisms 85 
are then cultured by trained operators and only 
after a period of some days can it be reason- 
ably certain that sterility has been achieved. 
Such inevitable delay leads to inefficient use 
of sterihser capacity and frequent re-sterilisa- 90 
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tion. Furthennore, subsequent manufacturing 
stages may be seriously delayed while the out- 
come of sterility tests is awaited. The control 
of fumigation is most frequently achieved by 

5 the frequent sampling, throughout the mass of 
material to be fumigated, of the gas and its 
subsequent analysis by trained laboratory 
personnel. Samples are obtained through a net- 
work of tubes distributed throughout the 

10 material and the procedure is tlius made costly 
and cumbersome. 

It is an objea of this invention to provide a 
device to indicate the end-point of a fumiga- 
tion or sterilisation process, i.e. when fumiga- 

15 tion or sterilisation is complete, which does not 
require the use of elaborate sampling equip- 
ment, laboratory facilities or trained personnel. 

During the gaseous sterilisation or fumiga- 
tion of contaminated material the organisms 

20 which are surrounded by the toxic vapour are 
killed after a period of time dependent on the 
concentration of toxic gas and the ambient 
temperature. This time delay is probably 
direcdy related to the diffusibiUty of the toxic 

25 gas through the outer membrane of the organ- 
ism which is controlled by the aforesaid condi- 
tions of temperature and gas concentration. 

We have now discovered that the contamin- 
ating organism may be simulated by enclosing 

30 an indicator composition in a gas-permeable 
envelope so that when sterilisation or fumiga- 
tion of contaminated material is complete a 
visible change is apparent through the envelope 
or after the contents have been added to a 

35 suitable secondary reagent. 

According to the present invention there is 
provided an indicating device for use in deter- 
mining the end point of a fumigation or 
bacteriological sterilisation process which 

40 utilises a gas which is lethal to the contaminat- 
ing organism, which device comprises a^ liquid 
indicating composition capable of absorbing the 
lethal gas thereby producing a change in the 
composition which is visibly detectable either 

45 immediately or after admixture of the indicat- 
ing composition with a suitable secondary 
reagent, the indicating composition being con- 
tained in an envelope which is permeable by 
the gas but is chemically resistant to the gas 

,"50 and the indicating composition. 

According to the present invention there is 
also provided a method of determining the 
end point of a fumigation or bacteriological 
sterilisation process which utilises a lethal gas 

55 which method comprises placing one or more 
indicating devices as described in the preced- 
ing paragraph with or throughout the object 
to be treated and visually detecting the re- 
quired change in the indicaring composition 

60 either without further treatment thereof or 
after admixing the composition with a 
secondary reagent. 

The envelope of the indicating device 
according to the present invention is preferably 

65 transparent or translucent and we have found 



tiiat thin plastic material such as polythene or 
polyvinyl chloride sheets is particulariy 

valuable. 

In a particular embodiment of the invention 
* a device for the control of ethylene oxide treat- 70 
ment of contaminated material comprises a 
polythene envelope containing an aqueous 
solution of magnesium chloride and added 
hydrochloric acid. The cUiylenc oxide on 
diffusing through the polythene envelope^ is 75 
dissolved by the magnesium chloride solution 
and reaas with the hydrochloric acid to form 
ethylene chlorhydrin thereby increasing the pH 
of the solution. The change of pH is shown by 
a suitable indicator, e.g. bromocresol purple 80 
which changes from yellow to purple or bromo- 
phenol blue which changes from yellow to 
blue. The pH indicator may be added to the 
contents of the open capsule after exposure to 
the sterilising gas but it is preferred to include 85 
the indicator in the gas absorbing composition 
contained in the capsule. 

In a further embodiment of the invention, 
a device for* the control of methyl bromide 
treatment of contaminated material comprises 90 
a polythene envelope containing an alkanol- 
amme and ati aqueous solution of silver nitrate. 
After this has been exposed to an atmosphere 
containing methyl bromide the contents of the 
envelope are added to dilute nitric acid con- 95 
taining an adsorption indicator. A precipitate 
of silver bromide is formed, the colour depend- 
ing on the degree of exposure to methyl 
bromide. 

It will be seen that by suitable choice of (a) 100 
the quantity of rcactant in the indicating com- 
position contained in an envelope of a fixed 
superficial area and (b) the thickness of the 
envelope itself, the amount of diffusion of the 
lethal gas may be controlled so that the detect- 105 
able change occurs at the time when the 
material has been freed from the contaminating 
organisms. Once these conditions have been 
determined for a specific indicaring device the 
detectable change vrill take place when the HO 
lethal exposure to the gas has been achieved, 
whatever the concentration or ambient tem- 
perature of the lethal gas may be. 

It will be understood that very high con- 
centrations of organisms will survive longer 115 
than lower spore concentrations in a given 
atmosphere of a lethal gas and therefore fo^ 
general use a maximum expected spore con- 
centration is laid down and the indicating 
device is constructed accordingly. For very 120 
. high concentrations of organisms special 
sachets may be construaed using the same 
general principles but employing a thicker 
envelope or a greater concentration of indicat- 
ing composition per xmit superficial area of the 125 
envelope in order to increase the time required 
to reach the deteaable change. 

The following examples illustrate but da 
not limit the scope of our invention. 
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Example 1. . 
An indicating device suitable for use in a 
baaeriological sterilisation process with 
ethylene oxide, is made in the following 
manner. 

An ethylene oxide absorbmg solution is pre- 
pared with the following composition. 

Saturated magnesium chloride 

solution 945 ml. 

Aqueous bromocresol purple solution 

0.161%i 45 ml. 

Concentrated hydrochloric add B.P. 

(sufficient to give a concentration 

of M/10) 8.5 ml. 

Sections 2" long are cut from 1" lay flat 
polythene tubing of 0.005" thickness, and one 



open end of each is sealed, preferably by heat 
welding. Into each envelope formed in this 
manner is introduced 3 rnl. of the ethylene 
oxide absorbing solution and the remaining 20 
open end of the envelope is sealed. There is 
thus obtained an indicating device according to 
the invention having the charaaeristics at 
approximately 20^C. in varying ethylene oxide 
concentrations as shown in Table 1 . 25 

Table 2 shows the characteristics of the 
indicating sachet at different temperatures, 
for a constant gas concentration. In bacterio- 
logical sterilisation the preferred concentration 
of ethylene oxide is 200 mg./litre (10% v/v) 30 
with a relative humidity 50 — 80%. The colour 
change that takes place is from yellow (non- 
sterile) to purple (sterile) and this is immedi- 
ately visible. 



Table I 





Time in hours required for 


Ethylene Oxide 
Concentration % 
v/v in air or 
Nitrogen Ambient 
Temp. 20' C 


Sterilisation of a 
Soil Dust Spore 
Preparation contain- 
ing 10*spores/gm. 


Change of colour 
of indicating 
sadiet yellow to 
purple 


lOO. 


4. 


4. 


50. 


4—7, 


5.5. 


25. 


7. 


7. 


10. 


16—18. 


19. 


5. 


24. 


26.5. 


2.5. 


48. 


60—80. 


Table 2 




Time in hours required to 


Temperature 


Sterilise Spore Dust 
Mixture containing 
10* spores/gm. 


Change colour of 
indicating sachet 
yellow to purple 


10. 


32. 


32. 


20. 


16—18. 


19. 


30. 


7. 


9. 


40. 


5. 


6.5. 


50. 


4. 


4.5. 


60. 


3. 


3. 
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Example 2. 

An indicating device suitable for use in a 
fumigation process requiring ethylene oxide at 
a concentration of 10 mg./litre for 25 hours 
at 15^C» is made in the following manner. 

An ethylene oxide absorbing solution is pre- 
pared with die following composition: — 

Saturated magnesium chloride 
solution 945 ml 

Aqueous bromophenol blue solu- 
tion 0.16% 45 ml. 

Concentrated hydrochloric acid B.P. 
(sufficient to give a concentration 
of0.019M). 1.6 ml. 

An envelope of similar dimensions to that 
in Example 1 but of polythene 0.002" thick 
is used to contain 2 ml of the above indicating 
solution to give the required indicating device. 
In use the colour change which is immediately 
visible is from yellow to blue, the fumigation 
being complete on the appearance of the blue 
colour. 

Ejcample 3. 
In the manufacture of an indicating device 
suitable for use in a fumigation process requir- 
ing ethylene oxide at a concentration of 10 
mg./litre for 25 hours at 25^C. the sachet 
is made as in Example 2 except that the 
ethylene oxide absorbing solution contains 3 
ml/litre of concentrated hydrochloric acid 
(0.035 M). 

Example 4. 

An indication device suitable for use in 
bacteriological sterilisation requiring an atmo- 
sphere in equilibrium with 40% aqueous form- 
aldehyde solution for 25 hours at 20*=^C. is 
made in the following manner. 

A solution which absorbs formaldehyde is 
prepared by adding methyl orange to a 0.2% 



aqueous solution of hydroxylamine hydro- 40 
chloride to give a concentration of 0.001%. 
Sufficient sodium hydroxide solution is added 
to give a pH of 4.6 and 2.4 ml. of this solution 
is sealed in a sachet as described in Example 1. 

In use the colour of the solution changes 45 
from yellow (unsterile) to pink (sterile). 

Example 5. 

An indicating device suitable for use in a 
fumigation process requiring methyl bromide 
at a concentration of 8 mg./litre for 25 hours 50 
at 15*^0. is made in the following manner. 

A solution which absorbs methyl bromide is 
prepared with the following composition: 



iWonoethanolamine 
N 

— Aqueous silver nitrate 
10 

Distilled water to 



666 ml. 
167 ml. 55 
• -1 litre 



1.5 ml. of this solution is enclosed in a 
sachet as described in Example 2. A colour 
developing reageiYt is prepared of tiic following 
composition : — 



Concentrated nitric acid B.P. 

Phenosafranine 

Distilled %vater to 



130 ml. 
0.005 grams 
1 litre 



After the exposure of the sachet to the 
fumigation treatment its contents are shaken 
with 10 ml of the colour developing reagent. 

In use the colour of the mixed solutions 
.changes from blue when there has been in- 
sufficient treatment to pink when the treatment 
is completed. 

For other temperatures the absorbent solu- 
tion may be modified in accordance with the 
following Table 3, 



65 



70 



Table 3 



Ambient Temperature 


N 

Ml/litre of — silver nitrate 
10 


5' C. 


117. 


10° a 


150. 


20" C. 


200. 


25" C. 


250. 


30' C. 


333. 
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Example 6. 
An indicating device suitable for use in 
quarantine fumigation requiring methyl 
bromide 40 mg/litre for 25 hours is made in 
'> exactly the same way as the device described 

N 

in Example 5 except that — silver nitrate 

2 
N 

solution is substituted for — silver nitrate 

10 

solution. 

Example 7. 

W An indicating device suitable for use in a 
baaeriological sterilisation process requiring 
ethylene oxide is made in the foUovi^hag 
manner. 

An ethylene oxide absorbing solution is pre- 
15 pared with the following composition: — 

Saturated magnesium chloride 

solution 945 ml. 

Aqueous bromoaesol purple 

solution 0.16% 45 ml. 

20 Concentrated hydrochloric add B.P. 23.05 ml, 

A sachet of the same dimension as described 
in Example 1 is prepared from polyvinyl 
chloride tubing 0.005'' thick and there is intro- 
duced into it 3 ml of the above absorbing 
25 solution. There is thus obtained an indicator 
sachet with sinodlar charaaeristics to those 
described in Example 1. 

Example 8, 
An indicating device suitable for use in a 
30 fumigation process requiring methyl bromide 
at a concentration of 8 mg/litre for 25 hours 
at 15^C is made in the following manner. 

A sachet as described in Example 2 but 
comprising a polyvinyl chloride envelope con- 
35 tains 1.5 ml of absorbing solution of the follow- 
ing composition: — 

Monoethanolamine 666 ml. 

N 

— Aqueous silver nitrate solution 167 ml. 
5 

Distilled water to 1 litre. 



40 



After exposure of the sachet to the fumiga- 
tion treatment its contents are shaken with 10 
ml of the colour developing reagents prepared 
from 



Concenu-ated nitric acid B.P. 130 ml. 
45 Phenosafranine 0.005 grams 

Distilled water to 1 litre 

In use the colour of the mixed solutions 
changes from blue when the treatment is in- 
sufficient to pink when the treatment is com- 
50 pleted. 



Example 9. 
An indicating device suitable for use in a 
fumigation process requiring methyl bromide 
at a concentration of 8 mg/litre for 25 hours 
at 15^C comprises a sacliet exactly as described 55 
in Example 8. 

^ After exposure of the sachet to the fumiga- 
tion treatment, its contents are shaken with 
10 ml of a colour developing reagent prepared 
from 60 

Concentrated nitric acid B.P. 130 ml. 
Ferric ammonium sulphate 10 grams 

N 

— Ammonium thiocyanate solution 5 ml. 
10 

N 

— Silver nitrate solution 5 ml. 
10 

Distilled water to 1000 ml. 6^ 

In use, the colour of the mixed reagents 
changes from white when the treatment is 
insufficient to orange-brown when the ti'eat- 
ment is completed. 

WHAT WE CLAIM IS:— 70 

1. An indicating device for use in determin- 
ing the end point of a funugation or baaerio- 
logical sterilisation process which utilises a gas 
lethal to the contaminating organism, which 
device comprises a liquid indicating composi- 75 
tion capable of absorbing the lethal gas thereby 
producing a change in tlie composition which 

is visibly dctertablc, the indicating composi- 
don being contained in an envelope which is 
permeable by the gas but is chemically resistant 80 
to the gas and the indicating composition. 

2. A device as claimed in claim 1, in which 
the composition contained in the envelope is 
one whose change becomes visible upon ad- 
mixture with a secondary reagent. 85 

3. An indicating device as claimed in claim 
1, comprising a pH indicator. 

4. An indicating device as claimed in claim 
1, for use in determining the end point of a 
fumigation or bacteriological sterilisation pro- 90 
cess which udlises ethylene oxide, comprising 
magnesium chloride and hydrochloric acid. 

5. An indicating device as claimed in daim 

4, comprising a pH indicator. 

6. An indicating device as claimed in daim 95 

5, wherein the pH indicator is bromophenol 
blue. 

7. An indicating device as claimed in daim 
5, wherein the pH indicator is bromocresol 
purple. ^ 

8. An indicadve device as claimed in claim 
1, for use in determining the end point of a 
fumigation or baaeriological sterilisanon pro- 
cess which utilises formaldehyde, comprising 
hydroxylamine hydrochloride. ^ 205 

9. An indicadng device as claimed in daim 
8, comprising a pH indicator. 
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10. An indicating device as claimed in claim 
9, wherein the pH indicator is methyl orange. 

11. An indicating device as claimed in claim 
1 or 2, comprising an alkonolamine and silver 

5 nitrate. 

12. An indicating device as claimed in claim 
11, wherein the alkanolamine is monoethanol- 
amine. 

13. An indicating device as claimed in any 
10 of claims 1 to 12, wherein the envelope is 

translucent or tranq)arent. 

14. An indicating device as claimed in claim 
13, wherein the envelope is polyethylene or 
polyvinyl chloride. 

15 15. An indicating device as claimed in claim 
1 or 2 and substantially as described with 
reference to any of the examples, 

16. A method of determining the end point 
of a fumigation or bacteriotogical sterilisauon 

20 process which utilises a gas which is lethal to 
the contaminating organism, which method 
comprises placing one or more indicating 
devices as claimed in any one of the preceding 
claims with or throughout the objea to be 

25 treated and visually detecting the required 
change in tlie indicadng composition either 



without further treatment thereof or after ad- 
mixing the composition with a secondary 
reagent. 

17. A method as claimed in claim 16, 30 
wherein the lethal gas is methyl bromide and 
the indicating device is as claimed in claim 

13 or claim 14, which method comprises ad- 
mixing the indicating composition with a 
secondary composition comprising a nitric acid 35 
and an adsorption indicator. 

18. A method as claimed in claim 17, 
wherein the adsorption indicator is pheno- 
safranine. 

19. A method as claimed in claim 16, in 40 
which the lethal gas is metliyl bromide and 

the indicating device is as claimed in claim 
11 or 12, which method comprises admixing 
the indicating solution with a secondary com- 
position comprising nitric acid, ferric ammon- 45 
ium suphate, anmionium thiocyanate, silver 
nitrate and water. 

For the Applicants: 
GILL, JENNINGS & EVERY, 
Chartered Patent Agents, 
51/52, Chancery Lane, London, W.C2. 



PROVISIONAL SPEaFICATION 
The Control of Bacteriological Sterilisation 



We, Boots Pure Drug CoMPAm- LmrrED, 
a British Company, of Station Street, Notdng- 

50 ham, do hereby declare this invention to be 
described in the following statement: — 

This invention relates to a device for the 
control of baaeriological sterilisation. 
There are various methods available for the 

55 baaeriological sterilisauon of pharmaceutical 
products, foodstuffs and the like, the most 
frequently applied method being the heat ueat- 
ment of the material in an autoclave or its 
equivalent. There are some materials, how- 

60 ever, which due to some inherent lability in 
the molecule or to some interaction between 
the compounds of a composition are not con- 
veniently sterilised by this means and other 
methods have been devised whereby sterilisa- 

65 tion may be carried out at much lower tem- 
peratures to avoid thermal decomposition. The 
compositions to be sterilised may be subjected 
to the action of gaseous atmospheres compatible 
with the compositions themselves but lethal to 

70 the orgam"sms contained therein. An alternative 
method of sterilisation employs the irradiation 
of the non sterile material with high intensity 
radiation from radioactive sources and 
accelerator machines. 

75 Whatever method of sterilisation be used 
there is a minimum time or dose which must 
be exceeded in order that the contaminating 
organisms are killed. It is customary to include 
with the material to be sterilised certain test 

SO compositions containing bacterial spores which 
are removed after the sterilisation procedure 



is complete and are cultured to ascertain their 
baaerial content. It is, of course, necessary to 
wait several days before the results of such 
tests arc complete and the full use of sterilis- 85 
ing equipment may therefore be prevented by 
unnecessarily long steriUsation or by repeated 
sterilisation of rejected batdhes. Furthermore, 
subsequent manufaauring stages may be 
seriously delayed while the outcome of sterility 90 
tests is awaited. 

This inefficient operation is particularly 
apparent in gaseous sterilisation of material 
using vapours such as formaldehyde, sulphur 
dioxide, alkylene oxides and the like, wherein 95 
the gas concentration, ambient temperature and 
time of exposure are all related to the survival 
time of the contaminating organisms. 

It is the objea of this invention to provide 
a device for indication of when the gaseous 100 
sterilisation of a composition is complete. 

During the gaseous steriUsarion of contamin- 
ated material the organisms which are sur- 
rounded by the toxic vapour are killed after 
a period of time dependent on the concentra- 105 
tion of toxic gas and the ambient temperature. 
This time delay is probably directly related to 
the diffusibility of the toxic gas through the 
outer membrane of the organism which is 
controlled by the aforesaid conditions of tem- 1 10 
perature and gas concentration. 

We have now discovered that the contamin- 
ating organism ihay be simulated by enclosing 
an indicator composition in a transparent 
envelope so that when sterilisation of con- 115 
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raminated material is complete a colour change 
is visible through the transparent envelope. The 
envelope may be composed of any transparent 
or translucent material which is resistant to the 
5 action of the sterilising gas and the absorbing 
indicator solution and which is also impervious 
to the indicator solution but permeable by the 
sterilising gas. 
In accordance with the invention a device 
10 for controlling bacteriological sterilization with 
a gaseous sterilizing agent comprises an indi- 
cator composition which undergoes a change of 
colour or other visible change when brought 
into contact with the sterilizing gas, enclosed 
15 in an envelope which is transparent or trans- 
lucent and made from a material which is 
resistant chemically to the actioa of the indi- 
cator composition and the sterilizing gas but 
permeable by the sterilizing gas. 
20 The indicator composition may conveniently 
be any solution in which the sterilising gas is 
soluble or with which the gas reacts and in 
which a change of colour or other visible 
change is produced by the reaction of the 
25 compositioa with the sterilising gas, together 
with an indicator, if desired. 

For the sterilisation of produas by means 
of ethylene oxide we have found that an 
envelope made of polythene is particularly 
30 valuable and that a suitable absorbent solution 
comprises a saturated solution of magnesium 
chloride containing added hydrogen chloride. 

The ethylene oxide diffusing through the 
polythene envelope reacts with hydrochloric 
35 acid to form ethylene chlorhydrin thereby in- 
creasmg the pH of the solution. The change of 
pH is shown by an indicator which changes 
colour at a suitable pH value and we prefer 
to use bromocresol purple which changes from 
40 yellow to purple betwen the pH values of 5.2 
and 6.8. 

It is clear that by suitably arranging the 
quantity of acid contained in an envelope of 
a fixed superficial area and the thickness of 

45 the envelope itself, the amount of diffusion of 
the ethylene oxide can be adjusted so that the 
colour change occurs at a time when sterility 
of the contaminated material has been attained. 
Once these conditions have been decided for 

50 a given set of materials, the indicator solution 
will then change colour when sterility has been 
achieved whatever the concentration or ambient 
temperature of the sterilising gas. 
It is to be understood tihat very high con- 

55 centration of organisms will survive longer than 



lower concentrations in a given atmosphere of 
ethylene oxide and therefore for general use a 
maximum expeaed spore concentration is laid 
down and the indicator capsule is constructed 
accordingly. . 60 

For very high spore concenuations speaal 
capsules may be constructed using the same 
general prmciples but employing a thicker 
envelope or greater acid concentration per unit 
superficial area of the envelope to increase the 65 
time required to change colour. 

A preferred form of the invention accord- 
ingly consists in an indicator capsule for the 
control of baaeriological sterilisation of con- 
taminated material by exposure to ethylene 70 
oxide gas which is independent of the concen- 
tration or ambient temperature of the gas com- 
prising a capsule permeable by ethylene oxide 
gas and containing a solution in which ethylene 
oxide dissolves thereby removing hydrogen ions 75 
from solution together with an mdicator. 

The invention is illustrated by the following 
non-limitative example : — 

Example. * 

An ethylene oxide absorbing solution is pre- 80 
pared witii the following composition: — 

Saturated magnesitmi chloride 

solution 945 ml. 

Aqueous bromoaesol purple 

solution 0.16% . 45 ml. 85 

Concentrated hydrochloric acid B.F. 
(sufficient to give a concentra- 
M 

tion of — ). 8.5 ml. 

10 

Sections 2" long are cut from 1" lay flat 
polythene tubing of O.O05'' thickness and one 90 
open end of each is sealed, preferably by heat 
welding. Into each envelope formed in this 
manner is introduced 3 milliliues of the 
ethylene oxide absorbent solution hereinbefore 
described and the remaining open end of the 95 
envelope is sealed. There is thus obtained an 
indicator capsule according to the invention- 
which has the following charaaeristics at 
approximately 20^C. in varying ethylene oxide 
concentrations as shown in Table 1. 100 

The preferred concentration of ethylene 
oxide is 10% v/v and Table 2 shows the 
charaaeristics of the indicator capsule at 
different temperatures. 
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Table l 



Ethylene oxide 


Time in hours required for 


concentration 
% v/v in air or 
nitrogen. Ambient 
temperature 20**C 


Sterilisation of a 
soil dust spore 
preparation contain- 
mg 105 spores per 
gram 


Change of colour 
of indicator 
capsule yellow 
to purple 


100. 


4. 


4. 


50. 


4 to 7. 


5.5. 


25. 


7. 


7. 


10. 


16 to 18. 


19. 


5. 


24. 


26.5. 


2.5^ 


48. 


66 to 80. 




Table 2 




Ethylene oxide 


concentration 10% v/v in air 




Time in hours required for 


Temperature 


Sterilisation of a 
soil dust preparation 
containing 10* 
spores per gram 


Change of colour 
of indicator 
capsule from 
yellow to purple 


10^ c. 


32 


32 


20° C. 


16 to 18 


19 


30^ C 


7 1 
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For the Applicants; 
GILL, JENNINGS & EVERY, 
<, /c, gartered Patent Agents, 
31/52, Chancery Lane, London, W.C2. 

copies may be obtained. ' 



